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Ab-hact

Currently under construction at th ¢ Jet Propu Ision [ .aboratory, the Palotnar Adapt ive Optics System
(PA1 LAO) i s a Casscgrain-mounted syster for v (i r ranbny incotporating active lasermetrology to minimize
the effects of mechanical flexure.

Suslern averview,

The Jet  Jrepulsion  Laborator y began it,295thadesignand construcuon of an adaptive optics sys-
tem for the 5 meter Hale Telescope at PalomarMovntnn Lhisinstrament Will be maounted at the Cassegrain focus of
the telescope and optimized for scientific uscu ticintiae 1K, 1L and J-bomds). The PAT.AQO system has at its heart
a Xinctics 349 actuator deformable mirror (M) and stilices JPL-developed skipper CCDY technology for the Shack-
Hartmann-based wavefront sensor camets The wi velior ~sensor {WES) 1w based upon a 16 x 16 subaperture lenslet
array, within which is inscribed a reduced imape ot 111151 wter telescope pupil. Tuitially natural guide star based, the
system is designed to accommondate the futore installation of & laser guide star subsysten without modification to
the optical design.

The user interface for the PATAO controtsubsy aiemis resident 011 a Sunwotkstation that  communicates
externally with the telescope control computciandtt csoenee camera computer via the Palomar 1.AN. Internally,
this host workstation communicates with @ rca |t , VM contiol systemn that consists of a 68060 servo computer
and 10 Texas Instruments C40 ISPs on 3 VMIEbo,ros. The 68060 processor, tanning VaWor ks, coordinates motor
control and system telemetry signals, includingvideo, .. well as thewavefionteonuoller high level functions,
including loading reconstruction matrices and co 1ol 000 filters onto the DSPs. The 10 11 C40 1)8Ps Nat-field the
WIS pixel data, calculate the WES subatiay centrondvalu, reconstruction the wavetront, and generate DM actuator
commands, with a closed loop bandwidth of S00 1},

Opacal conligaigtion

The optical system is fundamen ity @ 1) rchny, . shownm thelayoutas showninkig. 1. The optics arc
located on a custom Newport RS4000 optical beael which attaches horizontall y and can rotate upon the Cassegrain
ring of the }ale Telescope. A 45-degrec 101d mincn (1 My diverls the F/15.7 Cass bea after focus to a collimating
off-axis parabolic mirror (OAP1). Anindependene fast st cring minror (FSM) correets global tip and tilt, while the
deformable mirror), located conjugatctotheprmny, corccts higher orderaberrations. Another fold mirror
(¥M2) reflects the light to meet packaging requitesnents s lthough this mirrer is also vsed for system alignment and
DM calibration. A second OA1’ relaysaul, 157 Lew trough an outpul fold minor () M3) to the science camera
(not shown). An advantage of this optical configuretion e that the tw o ofi- axis parabolic irrors have parallel parent
axes and arc in proximity on the optical benchwhiclpeves useful duringalipmment Prior to FM3, an articulated
dichroic mirt or refleets the visible component of Lipbt th -ugh a second articulating nunior to the wavefront sensor
ficld stop. Thus, science imagery is alway s on-as i< wohilc the ficld steering juitron pan directs the guide star into the
wavefront sensor (WES). The WIS ficld stop v @ reicenn ¢ spot of nominally 2 aresce diameter deposited upon an
optical flat. After reflecting from the ficld stop the paide S0 lightis 1ecollimated and then passes through an atmo-
spheric dispersion corrector (Al)(7). The Wisligh tien forms a pupil, conjugate to both the DM and primary mir-
ror, inscribed withinal6 x 16 lensletporhonoftielensatarraya A). Phelensletfociare demagnified onto the
WI'S CCD. Tach subaperture is assigned a 4 » 4 PCan from which a two- staged centroidin g algorithm extracts
subaperture tlt infor mation with nearly quad-cell povfanm. e and incrcased dynamic 1enge,

An acquisition camera resides beyond the WISt e1d stop, and views the stop and sky simultancousl y, pro-
viding dircct feedback during the guide steracouisitiorprocess, Daring operation, the field steering mirrors place the
guide star onto the ficld stop. The guide star signa 1eackng the WS CCDis used for fine adjustment before cen-
troid offsets arc recorded.
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Figure 1. Optical layout of PALAOTelay, A A5-degiecioldnnor(FM 1) diveris thet/ 15. -/ Cass beam after focus
to a collimating off-axis parabolic mirror (OAP ). Nesteme anindependent fast stecting mirror (FSM), followed
by the deformable mirror itself (DM). A foldnimogM: usedforpackagiog the sysieimin the existing cage which
surrounds Cassegrain instrumentation. fecdsasccond (0v1" whichrelays ankby15.7 bearn through an output fold
mirror (FM3) to the science camera (not shown)

Cortrel svstes clectionics

In addition to the computers descnibed above, tha’ALLAG control system utilizes several custom  electronics
boards resident in two VME chassis. The dat 1 rann ¢l wais conmams the computers, the DM electronics interface
board, and the WF¥S CCD interface board A scpurated ssistesides in the Cass cageand is connected to the data
room chassis via a VML bus extension. "I he Casseajre clissis houses 21JP1-bailt DM high voltage driver boards,
the DM interface board, a C40 image processmmgncule, 1d I module carnerbosrds that contain digital 1/0, A/D,
/A, and serial (RS-232) 1P modules used tocormia eppneamately 30 co it "PUlercontiolled elements, including auto-

mated positioners, shutters, sources, flip-intiitton., sudlens wheels. A depiction of this architecture is given in
Fig. 2.

Real time wa . ofront control

The real-titne wavefront controller oy . of zombination of hardware and soflware components, which
shall provide up to SO Hz closed-loop bandwidihcual  The PATAQ deformable minor is a Xinetics  continuous
facesheet mirror utilizing poled PMN clecuostiicl s, cacluntors,  Of the 349 actuators, 741 are active controlled by
PAT.AQ, with the remainder slaved to the outcimmsininy cictuators. The Shack- | Tarumann wavefront sensor is based
upon a JPl.-developed 64 x 64 pixel, 36 mictonpith  11rcooled (CD with 64 owtput amplifiers. Operated nomi-
nally at 500 Hz frame rates, this skippettechnology chipaidelectionics allow tultiple non- destructive reads in order
to reduce centroid errors due to read noise. Tiw gnilofiis detectordes clopruentis<5Se- read noise from a single
read and < 1 c- noise after multiple rcads. Initizhiocicasurcinents 01 this chipare expected in April 1996. The
DSPs can p erform the reconstructioninl 9 nnlli-ec an.
applied to the incident wavefront 18 3.7 milliseconc.,

Available to the operator as systemitelcirtya tepresentations of the raw or flat-ficlded pixels, the cen-
troid values, the reconstructed wavefiont and the DM acoatoninotions.  The control systein alows loading of ncw
reconstruction matrices during closed- loop opcisticntocountforchanges in secing conditions.

The aver age data ape, {froma?millisecond exposure,
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Figure 2. Hardware architecture for PAL.AO contr gy systern. A host workstation communicates with the
telescope drive controller, the scicnee camera control leis and e VME chassisinthe data room connected via bus
cx(c11s1011 to asccond VME chassis in the Casscap.

Actve nactrology

Two laser metrology systems monitor the optics of the PAL AO 1elay and WES.The first system is incorpo-
rated into an integrated stimulus, whichaddibony se, esas a telescope and atmospheric seeing simulator. A
phasc-shifting interfcrometer within the shitnulusy il be usedforinitial svstemalignmentand maintenance. Addi-
tionally, the stimulus laser source will allow sensiny of th DM-to WESlensletregistration, as viewed by observing
the WES CCIY signal in the presence of @11 applicd DM acoator patiern, Ius expected that this registration procedure
will require Icss than 1 minute and is to be perfonidsevcal times pernight (IF observation, Physically, the stimulus
occupics the volume within the spaceithat atiachosth A0 Insttiment to the Cass g,

The second Inch ology system, curicntly tndcerc-sign, will monitor non cominon-p ath flexure between the
WES camera and the science camera, Non- comuion patt flexure hag proven to be a sipnificant problem in opera-
tional telescope-mounted AO systems. It order to nvanta o image stability at the 10 nalliaresecond level over inte-
grations as long as an hour, active metrolopgyinusitomeorporated. “The pnnciple sources of these non-common-path
errors arc mount and table gravity flexure. Weasicennetly censidering several possible arrangements including a
slit-viewing camcra and several forms of lascimctiology  Our final metrology design will be presented at the July
meeting.
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